Natural ventilation is believed to be capable of enhancing indoor air quality through proper passive designs. However, most modern buildings today still depend heavily on artificial ventilation for their daily operations. The current study aims to identify the extent of passive designs that correlate to the thermal comfort satisfaction levels and user expectation on utilization. Feedbacks from respondents in selected primary school offices were collected and analyzed. Pearson's or the Product-Moment Correlation Coefficient analysis was used to justify the extent of correlation between the key parameters. The key parameters involved consisted of both physical and non-physical factors which influence human responses to the changes in the surrounding environment. The findings of this study indicate that the paired comparison between passive design, satisfaction levels, and estimation from the occupants have weak correlations, and thus, this means that the applicability of passive design should be further integrate with other influencing parameters in order to intensify the application of natural ventilation in office buildings in the near future.
Introduction
Although the issue on increased energy usage for building ventilation has become critical and needs urgent actions to resolve, recent findings that aim to address such an issue are not much encouraging (Aynsley, 1999; Daghigh et al., 2008; Abdeen Mustafar Omer, 2008) .
The allocation of sufficient passive design elements is one of the strategies normally used to maximize the utility of natural ventilation (NV) in buildings through air penetration. To order to investigate the effectiveness of these strategies, thus, the effectiveness of this strategy should be further investigated.
Designers and builders should work closely with each other to create alternative technological solutions for the effective design, construction, and operation of buildings. These solutions should not only meet building quality standards, but should also be in accordance with socioeconomic factors and site conditions to enable the efficient operation of buildings for at least 50 years (Sorrell, 2003) .
NV is often regarded as one of the effective strategies for solving cooling problems within the interior space of a building. NV does not need or rarely uses energy to operate, and thus, it has low cooling costs (Cohen, 1997; Cardinale et al., 2003; Priyadarsini et al., 2004) .
NV plays an important role in sustaining the air flow in a building zone to nurture the health and comfort levels of the occupants, which, in turn, helps improve the productivity of workers in an office environment (Health and Safety Executive (HSE), 1999; Gratia and De Herde, 2004; Abdeen Mustafa Omer, 2008; Stavrakakis et al., 2011) . Thus, NV has already been proved as a key component in passive designed buildings that can integrate both human and socioeconomic factors well within the building context (Cohen, 1997; Twinn, 1997; Chan et al., 2013; Yao et al., 2009) .
The higher air flow rate of NV is typically required in the presence of warm-air environment, whereas the normal air flow rate is suitable for building zones within a moderate thermal comfort range (Ayata and Yildiz, 2006) . Previous studies stated that the increase in the speed of air movement in higher temperature environments can raise the level of thermal comfort (Priyadarsini et al., 2004; Yang and Zhang, 2008; Lin and Chuah, 2011) . Furthermore, the range of air movement rate that is acceptable to the building occupants heavily depends on local weather conditions and the air temperature (Clements-Croome, 1997; .
Since the school building office in this study is meant for teachers' offices where the teaching staffs conduct their daily administration activities, thus it is assumed the working environment is similar with other working offices which are normally designed as open office with some degrees of partition wall installation. Basically, difference of air flow rate required by building users depends on the local climatic conditions. According to Sharma et al. (2011) , higher air flow rates are required in tropical areas compared to temperature zones. The air flow range in tropical areas is between 0.5 and 2.5 m/s compared to 0.20 m/s in other temperature zones.
Building designs, particularly the Passive Design elements, play an important role in controlling the pattern of air flow into and out of buildings. Passive design elements which have been properly designed to integrate with the building structure can further enhance NV performance which consequently maintains the optimum levels of thermal comfort in line with the activity types, customer preferences, and building functions. The strategy of combining physical designs with the nature of air flow heavily depends on varying local situations. Thus, the current study aims to identify the extent of the contribution provided by passive designs in terms of determining the performance of NV in buildings to sustain the thermal comfort of the occupants.
Methods and materials

Methodology
Pearson's or the Product-Moment Correlation Coefficient is the main analytical tool used in this study because it is simple to operate, uses few assumptions, and can produce results that are easy to understand. This analytical tool typically uses two parameters, which can be classified as X and Y, to compare and justify the extent of correlation between these two variables. The Pearson Correlation Coefficient can be expressed as follows:
According to the nature of the r-output, the paired parameters have a certain correlation when positive value of r is obtained through analysis, that is, if one goes up, the other also goes up. On the other hand, the paired parameters are anti-correlated when the negative value of r exists, that is, if one goes up, the other goes down. The relationship of either correlation or anti-correlation is stronger when the r values approach ±1 than when the r values approach zero.
In this study, Pearson Correlation is used systematically to compare the relationships of all key areas by grouping the paired parameters to justify the correlation which further hypothesizes the effectiveness of passive design elements in securing the thermal comfort and indoor health of building occupants.
However, in order to ensure proper justification can be made onto weak correlation, t-test onto r-output is conducted to ensure the significance level of the correlation of coefficient. The confidence level of the test was set at 95% with the two tailed-test, and thus the critical value of the Z-score is 1.96. The statement of null hypothesis, H 0 , alternative hypothesis, H 1 , and the formula of t-test were stated as follows:
H 0 : p = 0 which means there is no correlation between the compared parameters.
H 1 : p -0 which means there is significant relationship between the compared parameters.based on t ¼ r ffiffiffiffiffi ffi 1Àr 2 nÀ2 p where r = correlation of coefficient and n = sample size. Besides that, in order to ensure that the current study explores the key areas effectively and comprehensively, the analytical approach based on the concept of Hierarchical Correlation Analysis conducted between parameters by levels (HCAL) in the matrix format is suggested. This method can identify outputs by levels and further justify the outcomes more accurately because the comparisons are made within the same level. This is because the parameters are paired and analyze the correlationship with different combinations. This analytical approach is thus found suitable to be expressed in the matrix format which is suitable to be presented in tabular form and the outputs are easy to comprehend.
Based on the operation procedure above, this analytical approach can be further expanded to categorize the study objects into groups or classes in accordance with their unique characteristics and consequently produce more specific results related to the specific scope of the analysis.
In this study, five levels of hierarchical correlation analysis are conducted for three groups of classified samples. The five levels of correlation analysis are as follows: Rural group (RG), which consists of school office buildings located in rural areas.
After integrating the groups and the HCALs, the results were analyzed for validation. To ensure the manageability and effectiveness of the process of analysis, all the scales and values expressed by the respondent are converted, standardized, and expressed in ratios based on the number of respondents from each school.
In order to fulfill the requirements and objectives of this study, questionnaire is prepared to cover all the criteria highlighted. Basically, there are three main categories in the questionnaire, such as (1) Thermal Satisfaction; (2) Willingness to use the buildings; and (3) Willingness to add more passive designs. All these subjective outputs were expressed in objective numerical scale. Besides that, physical measurements at the site, especially onto the passive design elements highlighted and the office floor area, were also conducted. The schools were randomly selected within the Seremban area. Since the targeted respondents were school teachers, thus all the teachers were identified to be involved in this study. The questionnaires were distributed by hand to all the teachers in the selected schools, and on average, they were given one month to complete the questionnaire.
Case study: school office buildings in Seremban, Negeri Sembilan
For this study, appropriate sample size is needed to be determined to in order to represent the population of respondents in school offices for the country. With the confidence level set at 95% with margin of error at 5%, this study needs a sample size of about 384 respondents based on the formula as follows:
Since all the locations in Malaysia have the same climatic condition and almost all the school office buildings have a similar design, it is assumed that there is no significance difference of indoor environmental conditions between the locations selected. Thus, in this study, Seremban is selected not only because it fulfills the above requirements, but also it covers both urban and rural areas. 20 units of school office buildings are selected in this study, including 10 units in urban areas and 10 units in rural areas. The school buildings are distributed randomly in the Seremban Region in the State of Negeri Sembilan, which includes the Central Business District and its outskirts -Mantin and Labu. The distribution of the schools and their typical indoor and outdoor environments are illustrated in Figs. 2 and 3 respectively.
All the school buildings are located within spacious green areas and paved open spaces, which are some distance away from heavy traffic. Based on site observations, it can be concluded that all the school office buildings are ventilated by mechanical ventilation systems, consisting of ceiling fans, wall fans, and, in some school buildings, air-conditioning units. However, it is observed that the offices are also built with Passive Design in some parts of the elements to sustain indoor air quality and thermal comfort level.
A total of 413 respondents have responded in the questionnaire-based survey, all of whom are teachers. These respondents spend most of their time in school offices for their daily administration jobs from 7:00 am to 4:00 pm. The respective codes, names of the school offices involved in this study, and their respective response rates are reported in Table 1 .
Five categories of Passive Design Area (PDA) are applied in office buildings based on the classification conducted by . These categories include Air Well (AW), Fac ßade Design (FD), Vertical Openings (VO), Corridor and Shading (CS), and Wall and Partitions (WP). All of these elements were carefully identified and measured in the selected areas within the buildings during site visits. The respective sizes of the elements and the total PDA in the respective areas are listed in Table 2 .
The values in Table 2 were converted to proportional values based on the floor area in each school, and the results are listed in Table 3 . These data, also known as the Proportional Passive Design Area (PPDA), are one of the key inputs for the hierarchical correlation analysis. The output of the PPDA for the respective PDA in each school investigated is presented in Table 3 .
Aside from the physical measurements conducted at the sites, the feedback based on the respondents' opinions and subjective measurement is another significant set of data that is included and analyzed in the current study. Similar to the PDA, the subjective values from the respondents were converted into an objective standardized scale expressed in a ratio to ensure the effectiveness of the analytical procedure. The ratio with a value of 1 indicates maximum satisfaction level, whereas that with a value of 0 indicates the minimum. This ratio is found easy to evaluate as the range is small, and all the difference between 0 and 1 can be well expressed with decimal places, and thus, error in computational work can be reduced. Table 4 presents the feedback of respondents, which refers to the thermal condition in the building zones. As can be seen in Table 4 and 6368% of the respondents were satisfied with the thermal comfort levels in their existing offices.
In terms of justifying the level of willingness to use the existing school buildings, the respondents were required to list out their thermal comfort satisfaction preference based on two alternatives, 'yes or no'. This analysis was further expanded to investigate the reasons behind the willingness of respondents to continue using the buildings. The problem of reduced ventilation is one of the key reasons under study. The output of the average willingness level and the extent related to the ventilation issue are presented in Table 5 .
As can be seen in Table 5 , approximately 70% of the respondents expressed their willingness to continue using the current buildings, and 46.49% of them made such a justification because of the problem of reduced ventilation in the said buildings.
Furthermore, responses on whether more PDA should be added in the current office buildings were also collected from the participants. The reason related to the ventilation issue that supports the feedback was also investigated. The average scales of the analyzed summary and the ventilation-related reason for each school in study are illustrated in Table 6 .
Similar results were obtained in terms of opinions on the addition of new PDA compared with the outputs from the perspectives of WU and NV-WU. On average, approximately 63% of the respondents supported the suggestion to add more PDA in their current offices, whereas 54% related such a decision to enhance the indoor ventilation performance. For the inputs of NV-WU NV-APDA from Tables 5  and 6 respectively, it shows that about 47% and 55% of the respondents in school offices from both urban and rural areas expressed positive feedback on the roles of ventilation played by the PDAs from the perspectives of both utility and increment of their sizes. However, to validate the accuracy of the justifications effectively, concrete results should be obtained using appropriate analytical methods. In the current study, Correlation Analysis (CA) using Pearson's approach was employed, and the details of the analysis are presented in the following sections.
Results and discussion
Hierarchical Correlation Analysis Level 1 (HCAL1)
As mentioned above, three groups of school office buildings were investigated under HCAL1. The PDA was the main parameter paired and correlated with the other four parameters to justify the significance of the correlation between them. The summarized analysis output is illustrated in Table 7 . As can be seen in Table 7 , the PDA and the other parameters either in TG, RG, or even UG have a weak correlation. Among the CA values, UG exhibited the highest anti-correlation because of the urban heat island effect in urban areas, which further deteriorates the effectiveness of natural ventilation. However, the CA between PDA and WU exhibited higher positive correlation values than TC, indicating that the occupants were willing to continue using the building to a certain extent because of the available PDA. This result does not necessarily relate to better NV performance because the CA of willingness to use the building to enhance NV performance was weak for all the three groups.
Moreover, the CA between PDA and APDA for all the groups did not show high correlation to the addition of more PDAs based on the current PDA. Similar results were obtained for CA between PDA and NV-APDA, indicating that the respondents may not intend to request more PDAs in the buildings in order to enhance ventilation performance. This result can be attributed to the sufficient PDA available or the fact that the respondents have not yet comprehensively understood the functions of PDA, and thus, have not fully explored its potential usage, or else there are other key issues needed to be considered, for instance, conditions of surrounding green areas, urban heat island effects, etc.
Hierarchical Correlation Analysis Level 2 (HCAL2)
TC Parameter was the main indicator correlated with other parameters in HCAL2. The summarized output of the CA is displayed in Table 8 .
In general, the CA results for the paired parameters of TC versus WU and TC versus NV-WU exhibited moderate positive correlations for all of the three building groups. These results show that NV did affect the willingness of the respondents to use the current buildings, further affecting the acceptable thermal comfort levels of the respondents.
However, for CA between TC verse APDA as well as between TC verse NV-APDA, negative correlations seem to indicate that additional PDAs are not needed to achieve better TC levels based on the needs and ensure better NV performance in buildings. All of the groups exhibited moderate anti-correlation for CA between TC and NV-APDA, indicating that the current PDA was sufficient to sustain the TC levels in the buildings, and thus, no need to add PDA to improve the NV in buildings.
Hierarchical Correlation Analysis Level 3 (HCAL3)
The CA process was further scaled down to compare the WU with three other parameters, including NV-WU, APDA, and NV-APDA, and further justify the influence of WU on the PDA. The analytical results for all the groups investigated are listed in Table 9 .
As can be seen in Table 9 , WU and NV-WU had a high correlation, and thus, it can be concluded that the respondents are willing to use the buildings because the ventilation remained satisfactory, especially in the rural areas. However, the correlation between WU and APDA was lower than WU and NV-WU with negative correlation at UG. This result indicates that the current allocation of PDA is sufficient to sustain the ventilation performance, and thus, additional PDAs are not really required at the moment. Similar correlation values were obtained from the comparison of WU and NV-APDA. In other words, RG exhibited higher correlation values for each comparison than UG possibly because of the fact that the school office buildings in RG are mostly surrounded by green areas with lower density development, allowing them to gain less heat compared with those in UG.
Hierarchical Correlation Analysis Level 4 (HCAL4)
Under this HCAL level, the willingness of the respondents to use the building because of satisfactory ventilation performance was compared with the possibility of adding additional PDAs because of NV. The results of the analysis on the comparisons of the three building groups are illustrated in Table 10 .
As can be seen in Table 10 , the results between two paired comparisons of NV-WU with APDA and NV-WU with NV-APDA were more or less consistent within the groups. Similar to the findings highlighted in the previous section, RG had a higher correlation in the range of 0.27-0.33 than UG, which only ranged from 0.02 to 0.11. This result further strengthens the argument that PDA contributes to enhance indoor ventilation performance due to more green spaces in rural areas.
However, the correlation values in HCAL4 were insignificant at below 0.5, and thus, it can be concluded that the willingness of the respondents to use the buildings because of better ventilation may not necessarily be improved through the addition of PDAs. Other factors, such as better structure and user-friendly environment, among others, should be considered.
Hierarchical Correlation Analysis Level 5 (HCAL5)
The final level of CA consisted of only one paired parameter, which only included APDA and NV-APDA. All the correlation values obtained from the three building groups were high at 0.8919, 0.9184, and 0.8325, for TG, RG, and UG, respectively. These figures indicate that the respondents from both RG and UG believed that the NV performance in their building can be further enhanced with the addition of PDAs. Therefore, bright prospect of PDA usage can be justified because the building users support the use of PDA as one of the strategies that can solve their thermal comfort problems in the buildings. The summarized output for the CA between APDA and NV-APDA is shown in Table 11 .
Justification of significance level
The values of correlation of coefficient for these three groups for each CA level are further justified through t-statistics. The results are displayed in Tables 12-14. In Table 12 , all the paired parameters show significant values of correlation of coefficient, where Z scores are either lower or higher than the critical value of 1.96. Only paired parameters of PDA-APDA, À0.253, show significant values which are within the range of À1.96 and 1.96. This means that there is no relationship to add passive design elements based on the sizes of passive designs available in the study zones. This may further mean that sizes of passive designs may not be able to justify the intentions of the respondents to request more passive design elements in their offices.
However, in Table 13 , availability of PDA does not have significant correlation between thermal comforts, as the Z score obtained is À0.385 which is within the range. Besides that, it also does not have a significant value between PDA and willingness to add PDA due to enhanced ventilation performance. Z score for these paired parameters is À0.754. This may mean that other parameters may play a more important role to influence indoor air performance, for instance, surrounding green areas.
More non-significant values exist in Table 14 when UG is referred. These include: Correlation between PDA-APDA, 0.983; TC-APDA, À1.396; NV-WU-APDA, 1.618 and NV-WU-NV-APDA, 0.247. All these values fall within the range of À1.96 to 1.96. As highlighted in previous sections, it concludes that there are other factors which influence the indoor thermal comfort levels and also the ventilation performance within the zones studied, especially in urban areas. Thus, availability of PDA and its sizes may not be the only factors that contribute to indoor ventilation performance in buildings. 
Discussion
Generally, as stated in Table 4 , more than half of the respondents from both groups were satisfied with the current thermal condition in their offices. This indicates that the existing ventilation designs in terms of both passive and mechanical items are able to sustain the respondents' thermal comfort requirements, but can still be improved further.
Based on the findings discussed in Section 3.1, the performance of TC does not have any direct correlation with the allocation of PDA. Moreover, no significant correlation between the PDA and other parameters was identified, indicating that the building occupants were satisfied with their current buildings, wherein the passive designs may be one of the main reasons. These results were clearly stated in Sections 3.2 and 3.3.
In Section 3.4, although the current allocation of passive designs was found sufficient to sustain the ventilation performance in the buildings investigated, the occupants did not object to the addition of passive design areas in general. However, as highlighted in Section 3.5, the intention to enhance ventilation performance may only be one of the reasons that support the addition of passive designs, that is, other factors may also influence the decision making.
Moreover, similar justification can be made under Section 3.6 that the issue of thermal comfort and indoor ventilation performance may not only be resolved through sizes of PDA, the allocation, surrounding environments, and also the activity of the building occupants may play a part.
Through the outputs from Tables 7-14, it is found that provision of PDA in the study zones does not play a significant role to influence the comfort level even though the conditions of PDA and the current thermal comfort levels are still satisfied. However, the respondents from both RG and UG have no intention to add any PDA. For those who are willing to add, the need to enhance ventilation performance is one of the key considerations.
UG has shown high non-correlation between paired parameters compared with RG. This means that the adjustment onto the PDA sizes may not be the key strategies to enhance indoor ventilation performance. This may be true for offices located in urban areas where heat problems are more serious, such as: limitation of green space available to cool down external air temperature, esthetic requirements and heat island effects.
Conclusion and suggestions
The application of the analytical approach of Hierarchical Correlation Analysis based on the levels in this study proves that passive design elements may not play an important role in determining the effectiveness of natural ventilation performance in buildings, -especially in the context of a hot and humid tropical climate, where mechanical ventilation systems, such as fans and air-conditioned units, are needed most of the time to eliminate the heat gain from indoor and surrounding areas.
The current study also shows that the respondents do agree that passive designs play some roles to sustain the thermal comfort levels even though the extent of this contribution is not significant. Moreover, the respondents did not show interest on the addition of passive design elements to their buildings to further enhance the ventilation performance.
Therefore, it may be concluded that the possibility of using passive design elements in office buildings in hot and humid climates, such as in Malaysia, remains limited even though these elements are well integrated into the building design process. Thus, more effort to communicate and educate building users and their owners is necessary to explore the application aspects comprehensively and optimize the benefits of building users in terms of achieving better and more economical thermal comfort levels. 
